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Initiative Summary 
(Readiness Based Analysis / Supply Chain Management)

LOGSA - Provide Project Enabling Analytic Data Support
- Retrograde Analysis

Acquisition Wholesale Retail
Unit

Readiness
Demand

Reverse Logistics
“Retrograde”

LMI - Operations-
Based  Demand 
Forecasting

RAND – Equipment Downtime Analyzer 
and an Aviation Readiness Equation

UAH - Analyze & Optimize Complete Aviation Supply Chain
IDA - Relating Resourcing to Readiness

AMSAA – Optimizing Wholesale & Retail 
Investment Levels: RBS Analytical Demos & 
Field-Tests; Multi-Echelon, Multi-Indenture 
Optimization Models (Multi-Link)
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AWCF Hardware (Aviation) 
Resource Trends
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Assessment

• • Investment is increasing, yet back orders are growing Investment is increasing, yet back orders are growing 
andand UFRsUFRs are increasingare increasing

• • “Workarounds” are increasing, readiness is slowly “Workarounds” are increasing, readiness is slowly 
declining declining 

•• Readiness reporting appears suspicious, lacks Readiness reporting appears suspicious, lacks 
credibility credibility 

•• Systems are Systems are deadlineddeadlined for relatively inexpensive partsfor relatively inexpensive parts
“Efficient 
Frontier”

Ao

$

??
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Acquisition Wholesale Retail Unit Demand

Reverse 
Logistics
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Improving System Effectiveness: 
Integration and Optimization

“Segmented” Logistics 
Support Operations

(Managing the interfaces)

vs

Logistics Chain 
Integration

(Optimizing the system)

An increase in service level 
(customer support) requires an 
increase in inventory and safety 
stock: increase “Safety Levels”

Service levels can actually be 
increased while simultaneously 
reducing inventory levels, safety 

stock and aggregate RO
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MATERIAL FLOWS

Inventory 
Vendors 

Inventory 
Wholesale 

Inventory 
Retail 

Inventory 
Unit 

INFORMATION FLOWS

Orders to 
Vendors 

Orders to 
Wholesale 

Orders to 
Retail 

Demand 

FUNDING FLOWS

OMA 
Funding 
Available 

OMA 
Funding AWCF 

Payments to 
Vendors and 
Depots 

ReCap & 
ReSet 
Demand 

ReCap & 
ReSet 
Funding 

Obligation 
Authority 
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Multi-stage Supply Chains

Consider a multi-stage supply chain:
– Stage i places order qi to stage i+1.
– Li is lead time between stage i and i+1.

q0=D RetailerRetailer
Stage 1Stage 1

q1 ManufacturerManufacturer
Stage 2Stage 2L1

q2 SupplierSupplier
Stage 3Stage 3L2

Source: MITSource: MIT
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Multi-stage Systems: Var(qk)/Var(D)
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Demand Uncertainty
Low (Functional 

Products) 
High (Innovative 

Products)

Low 
(Stable 

Process)

High 
(Evolving 
Process)
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Demand Uncertainty 
Reduction Strategies

Supply Uncertainty 
Reduction Strategies
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Agile supply chainsRisk-hedging supply 
chains

Responsive supply 
chains

Efficient supply chains

Demand Uncertainty

Low (Functional Products) High (Innovative Products)

Low 
(Stable 

Process)

High 
(Evolving 
Process)

Su
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ly
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III. Multi-stage Approach - Analysis of Systemic Challenges
1. Readiness Production Stage
2. Operational Mission and Training Demand Stage
3. Retail Stage
4. Retrograde/Reverse Logistics Stage
5. Wholesale/Depot Stage
6. Acquisition Stage



Conceptual Model of Logistics 
Structure

Acquisition DemandUnitRetailWholesale

Reverse
Logistics
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The “Production Function” for “Readiness”:
Defining and Quantifying the Availability Equation

La
bo

r
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r

CapitalCapital

90% MC90% MC

AO =

=

Uptime
Total Time

Where
MTBF = Mean Time Between 

Failures (Reliability)
K = Ratio of Calendar Time to 

Equipment Operating Time 
(Duty Factor)

MTTR = Mean Time To Repair 
(Maintainability)

MLDT = Mean Logistics Delay Time 
(Supportability)

MTBF x K
(MTBF x K) + MTTR + MLDT

80% MC80% MC
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Supply Availability Demand Requirements

MTBFMTBF

MLDTMLDT

MTTRMTTR

-- NMCSNMCS

-- NMCMNMCM

OperationalOperational
Availability (Availability (AAoo))

[ER][ER] -- MCMC
-- FMCFMC
-- PMCPMC

[AS][AS] [TS][TS]

•• Deployment Missions (DEPTEMPO)Deployment Missions (DEPTEMPO)
-- Patterns of OperationPatterns of Operation

DurationDuration
ProfileProfile

-- “K“K--factor” usage ratesfactor” usage rates
-- Environmental Conditions and Environmental Conditions and 

LocationsLocations

•• Training Requirements (OPTEMPO)Training Requirements (OPTEMPO)

Readiness Readiness –– related Measures / Metricsrelated Measures / Metrics
[ER] [ER] –– Equipment Readiness (Equipment Readiness (AAoo))

• FMC• FMC • NMCS• NMCS
• MC (PMC) • MC (PMC) • NMCM• NMCM

[AS] [AS] –– Assigned StrengthAssigned Strength
[TS] [TS] –– Trained StrengthTrained Strength

PersonnelPersonnel
Manning and Manning and 
Skill LevelsSkill Levels

WeaponWeapon
SystemSystem

ReliabilityReliability

Supply Supply 
Support Support 

CapabilityCapability

TrainingTraining
ResourcesResources

(OPTEMPO $)(OPTEMPO $)

“Production Function”: Components of 
Readiness

15



Conceptual Model of Logistics 
Structure

Acquisition DemandUnitRetailWholesale

Reverse
Logistics
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σ2 = LσD+ D2σL

CAA/RAND

Enhanced Class IX Planning: 
Linking Operational Patterns, Demand Forecasting, and 

Supply/Acquisition Planning (See Annex B)

Acquisition Wholesale Retail Unit Demand

Reverse 
Logistics

LMI/Clockwork

• Reduce Demand Uncertainty and Variability by Improving Require• Reduce Demand Uncertainty and Variability by Improving Requirements ments 
Estimation and Spares ForecastingEstimation and Spares Forecasting

• Reconfigure the Logistics Chain to Reduce the Costs of Demand • Reconfigure the Logistics Chain to Reduce the Costs of Demand 
UncertaintyUncertainty

• Transition from “Supply Chain” Concept to a “Demand Network”• Transition from “Supply Chain” Concept to a “Demand Network”

2 2
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Conceptual Model of Logistics 
Structure

Acquisition DemandUnitRetailWholesale

Reverse
Logistics
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Conceptual Model of Logistics 
Structure

Acquisition DemandUnitRetailWholesale

Reverse
Logistics
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Reverse Logistics Structure
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Conceptual Model of Logistics 
Structure

Acquisition DemandUnitRetailWholesale

Reverse
Logistics
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“Investment Costs” – $
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“TOC”

Improving
Effectiveness

Improving
Efficiency

Lean

Six Sigma 3

SIX SIGMA, LEAN AND THEORY OF CONSTRAINTS:

CONTRIBUTIONS IN THE COST-PERFORMANCE TRADESPACE
Six Sigma – improving product quality (fewer defects) by reducing process variation (variation reduction)

Lean – synchronizing process flow (“takt” time) by removing excess WIP (inventory reduction)

Theory of Constraints – improving cost effectiveness by strengthening weak links (constraint reduction)
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Deputy Commander for Systems Support

U.S. Army Aviation and Missile Command
DSS-0064

Supply (Parlier) – 08/22/2003
25125



ICAAPS: Intelligent Collaborative Aging 
Aircraft Parts Support (LMI)
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U.S. Department of Energy
Pacific Northwest National Laboratory

3/8/2005 5

SPIRE ‘Themescape’ view of 
KC135 Maintenance Data



Acquisition Wholesale Retail Unit Demand

Reverse 
Logistics

Improving System Efficiency: Across the System 
of Stages and within each Stage

1.4
0.3
0.8
0.5

2.1

1.0

1.1

3.4

0

2

4

6

8

10

12

A
M

C 
R

eq
ui

re
m

en
ts

 O
bj

ec
tiv

e 
($

 in
 B

ill
io

ns
)

Numeric Stockage Objective

Repair Cycle

Stock Due Out
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Because inventories are Because inventories are 
managed to the computed managed to the computed 
RO, reducing the value of the RO, reducing the value of the 
RO calculated by RO calculated by AMC’sAMC’s
models is a critical first step models is a critical first step 
to reducing inventories.to reducing inventories.
Source: RAND AB 185Source: RAND AB 185--AA
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Conceptual Model of Logistics 
Structure

Acquisition DemandUnitRetailWholesale

Reverse
Logistics

29



The “Production Function” for “Readiness”:
Defining and Quantifying the Availability Equation

La
bo

r
La

bo
r

CapitalCapital

90% MC90% MC

AO =

=

Uptime
Total Time

Where
MTBF = Mean Time Between 

Failures (Reliability)
K = Ratio of Calendar Time to 

Equipment Operating Time 
(Duty Factor)

MTTR = Mean Time To Repair 
(Maintainability)

MLDT = Mean Logistics Delay Time 
(Supportability)

MTBF x K
(MTBF x K) + MTTR + MLDT

80% MC80% MC
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System Life Cycle Failure Rate Pattern:
The “Bathtub” Curve

)R(t
e

)e(

)F(t)tP(t

ο

λt

λt
οo

ο

ο

=
=

−−=

−=>

−

−11

1

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
>×=

=
>>×>=

>∩>=>

−

w

wολt

w

wοw

οwο

σ
μtZPe

tRtR
)t|ttP(T)tP(t

)tP(t)tP(t)tP(T

w

)()( ο

t

f(t)

οt

Useful Life Region

f(t)

t
wt οt wμ

Wearout Region
ut wt

time (t)

)(tλ

31



NON-OP

OPN

x

x FAILURE

x

TTRLDT +

Failure Density

λ

λ

1
)(

=

= −

MTBF

etR t
f(t)

ρ
λ

α
λο
++

=
++

=
1

1
MTTRMLDTMTBF

MTBFA

Repair Density

f(t) f(t)

ρ

ρ

1
1)(

=

−= −

MTTR

etF t

Supply Support Density

α

α

1
1)(

=

−= −

MLDT

etF t

x

Components of Operational Availability

TBF

+

32



Aircraft Availability Improvement

73%

74%

75%

76%

77%

78%

0 30 60 90 120 150
RECAP Level of Effort ($M)

A
irc

ra
ft 
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y

Availability Improvement Analyses

Baseline: 74.4%

52 RECAP (MTBUR’s: 1500 / 2500 / 20% minimum) 

~0.9%

91 Components (MTBUR’s: 1500 / 2500 / 20% minimum)91 Components (MTBUR’s: 1500 / 2500 / 20% minimum)

~2.6%
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IV. Multi-stage Approach - Integration for Efficiency, 
Resilience, and Effectiveness
1. Achieving an “Efficient”, Integrated Multi-Echelon 

Inventory Solution 
2. Designing a “Resilient”, Adaptive Logistics Network
3. Improving Logistics “Effectiveness”: Pushing the 

Performance Envelope
4. Enabling “Effects Based Operations”: Performance Based 

Logistics
5. An “Analytical Architecture” to Guide Logistics 

Transformation



Single-
Echelon
Supplier

Retail
Inventory Drivers

Customer

Multi-
Echelon
Supplier

Demand

Wholesale
Inventory Drivers

Lead 
Time

Lead 
Time

Lead 
Time

Retail
Inventory Drivers

Demand

Customer

Inventory Drivers Sequential Approach Multi-Echelon Approach

Supplier

Wholesale
Inventory Drivers

Lead 
Time

Lead 
Time

Retail
Inventory Drivers

Customer

Demand

Wholesale 
Replenishment 
Optimization

Retail 
Replenishment 
Optimization

Supplier
Lead 
Time

Wholesale
Inventory Drivers

Lead 
Time

Retail
Inventory Drivers

Customer

Demand

Network 
Replenishment 
Optimization
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Optimizing the Wholesale Stage to Retail

Acquisition Wholesale Retail Unit Demand

Reverse 
Logistics

AMSAADLA/AMSAA

• AMSAA • AMSAA –– “Optimizing Wholesale and Retail Investment “Optimizing Wholesale and Retail Investment 
Levels: MultiLevels: Multi--Echelon, MultiEchelon, Multi--Indenture Optimization Indenture Optimization 
Models (MultiModels (Multi--Link)”Link)”
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0
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0 50 100 150 200 250 300 350 400

Percent
Increase

In
Readiness

Percent Increase in 
Investment at Wholesale

Fill Rate  Safety Level  Readiness
70     189M       84.7% 
75         210M      85.9%
80       256M      86.7%
85       340M      87.3%
90        505M      87.7%
95        857M      88%

Baseline:

Impact of Increased Investment at Wholesale on 
Blackhawk Equipment Readiness at 101st Airborne

Source: AMSAASource: AMSAA

RBS Impact?
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Current Structure: Arborescence

SSA

ASL

PLL

NICP

Wholesale System

Retail System

• Vertical “serial chains” create vulnerable supply channels
• Increased buffer stock is required to reduce risk
• Results in increased inventory investment costs

38



NICP

SSA

ASL

PLL

PLL

PLL

οA

Demand Driven Supply Network 
(DDSN)

SSA

SSA

ASL ASL

ASL

ASL

ASL

ASL

ASL

ASL

• RBS reduces cost
• Inventory pooling reduces 

both cost and risk
• Lateral supply decreases 

requisition delay time

RBS
Stock
List

$

Hi Cost-
Low Demand

DLRs

• Low Cost 
Consumables

• Hi Demand
Parts

Cost per Item
RBS List
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Achieving “Efficiency” in the Cost -
Availability Tradespace

“Efficient Frontier”

Ao

$

Gain in 
“Efficiency”
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Increasing “Effectiveness” in the 
Cost -Availability Tradespace

“Efficient Frontier”

Ao

$

4
3

2 1
Cost Benefits Alternatives:

1. Improved effectiveness 
with increased costs

2. Improved effectiveness at 
same costs

3. Improved effectiveness at 
reduced costs

4. Same effectiveness at 
significantly reduced costs

… however, magnitude of each 
depends upon where you are on 
the current efficient frontier!
… and the expansion trace of the 
improved frontier 
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t1

t2

tn

t3

t4

A0

$

Pushing the Envelope: Innovation to Sustain 
Continual Improvement
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Total Cost Function

Value of 
Cost or 
Output 

(Return)

Decision or Stopping Points 
(Iterations)

Maximum difference 
between Total Revenue 

and Total Cost or 
Maximum Profit

Total Cost Function

Production Function 
(A0 * VPC)

Steep here means 
shallow here

Tangents 
of equal 

slope
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Profit
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An Important Disconnect
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“Optimizing” the System: Applying a 
Dynamic (Multi-Stage) Programming Model
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V. Strategic Management Concepts
1. Organizational Redesign 
2. Contributions of (Transactional) Information Systems 

Technology and (Analytical) Operations Research
3. Strategic Management Concepts and the Learning 

Organization
4. Logistics Transformation and Disruptive Change



Ends

Ways

Results

Strategic Concept

Vision

Strategic Goals

Strategies & Programs/Initiatives

Annual Objectives

Mission Achievement

Means

Logistics Transformation Framework:
Linking Strategy to Measurable Results

Management Objectives
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Officer ORSA (FA49) Strength in AMC
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Civilian “ORSA” (1515) Strength in AMC
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Linking processes and systems with 
operational and financial performance

Systems are not Complemented by 
Planning Practices

Significant Inefficiencies

D

Single Site, Informal and Manual 
Planning Processes

Below average business performance

A

Planning Practices and Systems 
Aligned

Significant improvement on 
operational performance
75% higher profitability for BIC

C

Lack of System Support

Improved bottom line profitability
27% improvement potential

B
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MatureImmature
IT Systems
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Understand 
the Past

Respond to 
the Present

Predict the 
Future

Enterprise 
Systems

Multisourced, 
Real-Time, 

Fine-Grained

ABILITY TO ABILITY TO 
GATHER, GATHER, 

STORE AND STORE AND 
ACCESS ACCESS 

DATADATA

SPECIALIZED 
TECHNICAL 

KNOWLEDGE

DEEP BUSINESS 
DOMAIN / 
ANALYTIC 

KNOWLEDGE

ABILITY TO USE DATA FOR INSIGHTABILITY TO USE DATA FOR INSIGHT

Example Applications: 
Production Control 
RFID-Enabled Supply 
Chain Telematics

Example Applications: 
ERP and Most 
Traditional Systems 
Integration Work

Example Applications: 
Data Management, Applied 
Business Analysis, 
Customer Insight

Example Applications: 
Predictive Simulation 
and Optimization

The Evolution of Insight
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Objective Hierarchy:  
Relating Outcomes (Results) to Goals & Objectives (Strategy)

Goal: Improve Logistics Chain Efficiency and Effectiveness 
to Enable a Strategically Responsive, Transforming 
Army

Objectives: Reduce Lead Time 
Demand & System 

Variability

Improve Strategic 
Mobility; Reduce 

Force Closure 
Timelines

Reduce 
Sustainment 
‘Footprint’

Reduce Costs 
While Maintaining 

Readiness

Performance 
Measures: 

(MOEs, 
‘Metrics’) AO AO AO AO

Readiness 
Outcome:

Ao
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Aligning Execution and Strategy:
Learning from Performance Variability

Act from 
Variability

•Define program
•Define structured tests
•Implement

Detect
Variability

Explain
Variability

Learn from 
Variability

Select Performance 
Indicators

•Drill down to detailed
segmentation

•Isolate variability

•Hypothesize cause
and effect

•Evaluate

•Identify performance
drivers

•Correlate drivers with
variability

O b je c tive  H ie ra rc h y:  
R e la tin g  O u tc o m e s  (R esu lts )  to  G o a ls  &  O b je c tive s  (D es ired  E n d s)

G o a l: Im p ro ve  L o g is tics  C h a in  E ffic ien c y a n d  E ffe c tiven es s  to  
E n ab le  a  S tra te g ica lly  R e sp o n s ive , T ra n s fo rm in g  Arm y

O b je c tives : R educe  Lead  T im e 
D e m and  &  S y stem  

V a ria b ility

Im p ro v e  S tra te g ic  
M ob ility ; R e duce  

F o rce  C losu re  
T im e lines

R e duce  
S us ta in m e n t 

‘F oo tp rin t’

R e d u c e  C o sts  
W h ile  M ain ta in in g 

R e a d in e s s

P erfo rm an c e  
M e asu res : 

(M O E s , 
‘M e tric s ’)

•
•
•
• A O

•
•
•
• A O

•
•
•
• A O

•
•
•
• A O

R ea d in es s  
O u tco m e : A o

$

54



Common Expectations and the Reality of Change
P

er
fo

rm
an

ce

Time

Historical Performance

?

?

?

Anticipated
Performance

B

C

A

D
Disruption

The Reality of Change

55



56

VI. Summary
VII. Final Thoughts



“Center for Innovation in Logistics Systems”

Academia

Corporate
Research

Government
Organizations

Academic
Departments

Private
Companies Private

(1)
“Clearing House”    
for “Good Ideas”

(2)
Modeling, 
Simulation

& Analysis of 
Complex Systems

Public

(3)
Transforming 

Organizations &
Managing Change

AMSC
Professional
Societies

FFRDC
Non-Profits

• Organizational Design
• Supply/Value Chain
• Workforce Development
• Technology Implications
• Innovation & Productivity

Gain

• System Dynamics Modeling
• Large Scale (LS) System

Design, Analysis, and
Evaluation

• Systems Simulation,  
Modeling and Analysis

• Education & Training
• Technical Support
• Risk Reduction & Mitigation
• Consulting
• Research, Studies, and 

Analysis
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Objective Hierarchy:  
Purpose of Objectives

Goal: Improve Logistics Chain Efficiency and Effectiveness 
to Enable a Strategically Responsive, Transforming 
Army

Objectives: Reduce Lead Time 
Demand & System 

Variability

Improve Strategic 
Mobility; Reduce 

Force Closure 
Timelines

Reduce 
Sustainment 
‘Footprint’

Reduce Costs 
While Maintaining 

Readiness

Efficiency Objectives

Effectiveness 
Objectives
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Objective Hierarchy:  
Sources and Basis for Objectives

Goal: Improve Logistics Chain Efficiency and Effectiveness 
to Enable a Strategically Responsive, Transforming 
Army

Objectives: Reduce Lead Time 
Demand & System 

Variability

Improve Strategic 
Mobility; Reduce 

Force Closure 
Timelines

Reduce 
Sustainment 
‘Footprint’

Reduce Costs 
While Maintaining 

Readiness

Classical Inventory Theory
Recent Developments in Supply 
Chain Management Theory
“Benchmarking” Against 
Corporate Sector Best Business 
Practices

Army Transformation Campaign Plan

Army Transformation Roadmap

Army Modernization Plan, 2003

G4/LTA “Army Logistics Transformation”, Jan 03
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Objective Hierarchy:  
Performance Measures

Goal: Improve Logistics Chain Efficiency and Effectiveness 
to Enable a Strategically Responsive, Transforming 
Army

Objectives: Reduce Lead Time 
Demand & System 

Variability

Improve Strategic 
Mobility; Reduce 

Force Closure 
Timelines

Reduce 
Sustainment 
‘Footprint’

Reduce Costs 
While Maintaining 

Readiness

Performance 
Measures: 

(MOEs, 
‘Metrics’)

σL
σD
Var(qk)/Var(D)
L x D
AO

Lift Requirements
Time to Deploy

AO

Weight
Cube/Volume
System MTBF
CSS Structure

AO

Total Rqmts Objective
Safety Stock
Service Levels
RL Delay Time
AO
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Objective Hierarchy:  
Relating Outcomes (Results) to Goals & Objectives (Desired Ends)

Goal: Improve Logistics Chain Efficiency and Effectiveness 
to Enable a Strategically Responsive, Transforming 
Army

Objectives: Reduce Lead Time 
Demand & System 

Variability

Improve Strategic 
Mobility; Reduce 

Force Closure 
Timelines

Reduce 
Sustainment 
‘Footprint’

Reduce Costs 
While Maintaining 

Readiness

Performance 
Measures: 

(MOEs, 
‘Metrics’) AO AO AO AO

Readiness 
Outcome:

Ao

$

61



t1

t2

tn

t3

t4

A0

$

Innovation to Sustain Continual Improvement

Objective Hierarchy:  
Relating Outcomes (Results) to Goals & Objectives (Desired Ends)

Goal: Improve Logistics Chain Efficiency and Effectiveness to 
Enable a Strategically Responsive, Transforming Army

Objectives: Reduce Lead Time 
Demand & System 

Variability

Improve Strategic 
Mobility; Reduce 
Force Closure 

Timelines

Reduce 
Sustainment 

‘Footprint’

Reduce Costs 
While Maintaining 

Readiness

Performance 
Measures: 

(MOEs, 
‘Metrics’)

•
•
•
• AO

•
•
•
• AO

•
•
•
• AO

•
•
•
• AO

Readiness 
Outcome: Ao

$

Achieving “Efficiency” in the Cost -
Availability Tradespace

“Efficient Frontier”

Ao

$

Gain in 
“Efficiency”

Achieving “Effectiveness” in the 
Cost -Availability Tradespace

“Efficient Frontier”

Ao

$

4
3

2 1
Cost Benefits Alternatives:

1. Improved effectiveness 
with increased costs

2. Improved effectiveness at 
same costs

3. Improved effectiveness at 
reduced costs

4. Same effectiveness at 
significantly reduced costs

… however, magnitude of each 
depends upon where you are on 
the current efficient frontier!
… and the expansion trace of the 
improved frontier 
(i.e., “Pushing the Envelope”)

Sustaining Innovation While Linking Execution to Strategy
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Reducing Organizational Risk:
Analytical Demos, Field Tests & Experimentation

• • Analytical “Demonstrations”Analytical “Demonstrations”
-- Modeling, Simulation, & Modeling, Simulation, & 
AnalysisAnalysis

-- Assess Empirical DataAssess Empirical Data

• • Field TestingField Testing
-- ExperimentationExperimentation
-- Testing and EvaluationTesting and Evaluation
-- AnalysisAnalysis
-- Prototype Prototype FieldingsFieldings

Concept Development
(pre-Transformation)

Unknowns

Implementation
( During Transformation)

Operations
(Post Transformation)

Investment

Risk
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Reducing Organizational Risk:
Systems Analysis, Management Information (MIS) & 

Decision Support (DSS)

• • Regression AnalysisRegression Analysis
-- “Disentangling” Cause & Effect “Disentangling” Cause & Effect 
-- EmpiricallyEmpirically––based resultsbased results

• • Econometric ForecastingEconometric Forecasting
-- Can forecast with increasinglyCan forecast with increasingly

greater accuracy and precisiongreater accuracy and precision
-- Quantifies relationshipsQuantifies relationships

between current/recentbetween current/recent
investment decisions and future investment decisions and future 
outcomesoutcomes

-- Precludes “surprises” in tightlyPrecludes “surprises” in tightly--
coupled systemscoupled systems

Concept Development
(pre-Transformation)

Unknowns

Implementation
( During Transformation)

Operations
(Post Transformation)

Investment

Risk
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Reduced “Transformation” Risk: Using Analysis to 
Disentangle Cause & Effect, Reduce Uncertainty, and 

Mitigate Risk

Concept Development
(pre-Transformation)

Unknowns

Implementation
( During Transformation)

Operations
(Post Transformation)

Investment

Risk
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